Using a compiled sample of 34 broad-line active galactic nuclei (AGNs) with measured Hβ time lags from the reverberation mapping (RM) method and measured bulge stellar velocity dispersions σ * , we calculate the virial factor f by assuming that the RM AGNs intrinsically obey the same M BH − σ * relation as quiescent galaxies, where M BH is the mass of the supermassive black hole (SMBH). Considering four tracers of the velocity of the broad-line regions (BLRs), i.e., the Hβ line width or line dispersion from the mean or rms spectrum, there are four kinds of the factor f . Using the Hβ Full-width at half-maximum (FWHM) to trace the BLRs velocity, we find significant correlations between the factor f and some observational parameters, e.g., FWHM, the line dispersion. Using the line dispersion to trace the BLRs velocity, these relations disappear or become weaker. It implies the effect of inclination in BLRs geometry. It also suggests that the variable f in M BH estimated from luminosity and FWHM in a single-epoch spectrum is not negligible. Using a simple model of thick-disk BLRs, we also find that, as the tracer of the BLRs velocity, Hβ FWHM has some dependence on the inclination, while the line dispersion σ Hβ is insensitive to the inclination. Considering the calibrated FWHM-based factor f from the mean spectrum, the scatter of the SMBH mass is 0.39 dex for our sample of 34 low redshift RM AGNs. For a high redshift sample of 30 SDSS RM AGNs with measured stellar velocity dispersions, we find that the SMBH mass scatter is larger than that for our sample of 34 low redshift RM AGNs. It implies the possibility of evolution of the M BH − σ * relation from high-redshift to low-redshift AGNs.
INTRODUCTION
It is believed that active galactic nuclei (AGNs) are powered by accretion mass onto the central supermassive black holes (SMBHs), which are also assumed to exist in the center of all quiescent galaxies (Kormendy & Richstone 1995) . There are mainly two parameters for SMBHs, i.e., mass (MBH ) and spin, which need to be determined. For a few very nearby (< 100 Mpc) quiescent galaxies, including our Galaxy, SMBHs masses can be measured through the stellar or gaseous dynamics method (e.g. Tremaine et al. 2002; McConnell et al. 2011) . It has been found the nearby quiescent galaxies follow a tight correlation between the central SMBHs mass and the bulge or spheroid stellar velocity dispersion (σ * ) called MBH − σ * relation (Ferrarese & Merritt 2000; Gebhardt et al. 2000; Kormendy & Ho 2013) , log MBH(σ * ) 10 9 M⊙ = α + β log σ * 200km s −1 ,
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Considering different definition of σ * and different bulge type, there are different values of index β and intercept α (e.g. Kormendy & Ho 2013 ).
Because of a limit of space resolution and outshining the host for faraway AGNs, it is much more difficult to derive the SMBHs masses through stellar or gaseous dynamics method. AGNs can be classified into type 1 or type 2 AGNs, depending on whether the broad-line regions (BLRs) can be viewed directly. For type 1 AGN, BLR can be used as a probe of the gravitational potential of the SMBHs, and SMBHs masses can be derived as follows,
where RBLR is the distance from black hole to the BLRs, ∆V is the velocity of BLRs clouds, G is the gravitational constant. ∆V is usually traced by the Full-width at half-maximum (FWHM) or the line dispersion (σ Hβ ) of Hβ emission line measured from the mean or rms spectrum. VP is the so-called virial product, VP = RBLR (∆V) 2 /G. f is a virial coefficient to characterize the kinematics, geometry, inclination of the BLRs clouds. For c 0000 The Authors type 2 AGNs, torus obscures BLRs in the line of sight, which makes broad lines invisible, except in some of the polarization spectra (e.g. Zhang et al. 2008) . Using the MBH − σ * relation, the SMBH masses in type II AGNs are mainly derived from σ * (Kauffmann et al. 2003a,b; Bian et al. 2006) .
Considering the photon-ionization model of BLRs in AGNs, RBLRs can be estimated from the reverberation mapping (RM) method (e.g. Blandford & McKee 1982; Peterson 1993) . The variation in the continuum would lead to the changes in the broad-line emission delayed by a lag time τ = RBLRs/c. The lag time of τ was successfully measured by the RM method for nearly 120 AGNs (e.g. Peterson et al. 2004; Grier et al. 2017b; Du et al. 2018 ). For RM AGNs, an empirical RBLR − L5100 relation is also suggested, where L5100 is the continuum luminosity at 5100Å (Kaspi et al. 2000 (Kaspi et al. , 2005 Bentz et al. 2013; Du et al. 2018) . The complexity of this relation is beyond the scope of this paper (e.g. Du et al. 2018 ).
Comparing the scatter of different VP based on the line dispersion or FWHM of Hβ measured from the rms or mean spectrum, Peterson et al. (2004) preferred the VP based on σ Hβ from the rms spectrum. f was therefore assumed as a constant. However, f may be different for each object. Assuming BLRs velocity distribution is isotropic, f = 0.75 when ∆V is traced by Hβ FWHM (Netzer 1990) . Given the complicated structures of BLRs inferred from the velocity-binned RMs, f is most likely to vary from object to object (e.g. Xiao et al. 2018) . By modelling simultaneously the AGNs continuum light curve and Hβ line profiles, some BLRs dynamical models found that there was a wide range of f and f has a correlation with the inclination angle, or MBH (e.g. Pancoast et al. 2014; Grier et al. 2017a; Williams et al. 2018; . It was suggested that the geometry of BLRs was thick disk, the kinematics of BLRs can de described by elliptical orbits or inflowing or outflowing trajectory . f can also be derived through the MBH calculated from resolved Paα emission region by Very Large Telescope Interferometry (VLTI, , the accretion disk model fit of AGNs spectral energy distribution (SED) (Mejia-Restrepo et al. 2018) , or X-ray variability (Pan et al. 2018) , which are assumed to be independent of inclination. For the SMBHs binary with their own BLRs, complexity of the broad-line profiles was suggested, which would lead to the complexity of f (e.g. SongSheng et al. 2019) .
If AGNs follow the same MBH − σ * relation as quiescent galaxies, scaling the RM AGNs with measured stellar velocity dispersion σ * to the quiescent galaxies yields an empirical calibration of the average value of the factor f in Equation 1. This is a commonly approach to derive the mean value f . Based on the early MBH − σ * relation (Ferrarese & Merritt 2000; Tremaine et al. 2002) , Onken et al. (2004) suggested fσ,rms=5.5 for σ Hβ -based VP from the rms spectrum for a sample of 16 RM AGNs. With larger samples, others also found a consistent f (e.g. Woo et al. 2010; Graham et al. 2011; Grier et al. 2013; Ho & Kim 2014) . In addition to the average f , it was also suggested a systematically smaller f for AGNs with bars/pseudobulges (e.g. Graham et al. 2011; Ho & Kim 2014) .
Based on a sample of 14 RM AGNs with measured σ * , Collin et al. (2006) suggested that f based on FWHM(Hβ) has a dependence on FWHM(Hβ), σ Hβ , and their ratio D Hβ = FWHM(Hβ)/σ Hβ . For a sample of 24 RM AGNs with σ * including Lick AGN RM project, Woo et al. (2010) found that there were no strong correlations between f and parameters, such as the Eddington ratio or line-shape measurements (see their Figure 6 ).
In this paper, using a larger sample of 34 RM AGNs with measured σ * , we calculate the factor f from RM VP and σ * -based MBH . We investigate the relation between the factor f and other observational parameters. Section 2 presents our sample. Section 3 is data analysis and Section 4 is discussion. Section 5 summaries our results. All of the cosmological calculations in this paper assume ΩΛ = 0.7, ΩM = 0.3, and H0 = 70 km s −1 Mpc −1 .
SAMPLE
Up to now, there are about 120 AGNs with measured Hβ /Hα lags from the RM method (e.g. Grier et al. 2017b; Du et al. 2018) . Our sample consists of 34 low redshift broad-line AGNs (z less than 0.1 except PG 1617+175) with both measured Hβ lags and reliable σ * , which allows us to calibrate the factor f based on the MBH − σ * relation. 32 out of these 34 RM AGNs are selected from Ho & Kim (2014) , who had imaged these objects and classified them into three bulge types: elliptical, classical bulges and pseudobulge. For Fairall 9, the stellar velocity dispersion is adopted from its near-infrared spectrum (Oliva et al. 1995) . Beyond the sample of Ho & Kim (2014) , there are two additional objects. The first one is an earlytype galaxy NGC 5273 from Bentz et al. (2014) . The second one is MCG+06-26-01 with pseudobulge. Its RM result is from Du et al. (2015) and its stellar velocity dispersion is adopted from Woo et al. (2015) . For our sample of these 34 RM AGNs, there are 8 classified as ellipticals, 9 classified as classical bulges, 17 classified as pseudobulges. Here we do not use a high-z sample of 44 AGNs (z ∼ 0.1 − 1.0) from the Sloan Digital Sky Survey (SDSS) RM Project Grier et al. (2017b) with measured Hβ /Hα lags to do the calibration of f . There are 30 out of 44 AGNs with measured σ * by Shen et al. (2015) . We use this high-z sample to investigate the evolution of the MBH − σ * relation. In this paper, considering different host type of RM AGNs, the relations between the factor f and observational parameters are investigated, as well as the BLRs physics. For the Hβ emission line, there are four kinds of parameters to trace the BLRs velocity ∆V from the mean and rms spectrum, i.e., FWHMmean , σ Hβ,mean , FWHMrms , σ Hβ,rms , respectively. The ratio of the FWHM(Hβ) to σ Hβ is defined as D Hβ , i.e., D Hβ (mean)=FWHMmean /σ Hβ,mean , D Hβ (rms)=FWHMrms /σ Hβ,rms . The value of D Hβ is 2. 35, 3.46, 2.45, 2.83 , and 0 for a Gaussian, a rectangular, a triangular, an edge-on rotating ring, and a Lorentzian profile, respectively. D Hβ depends on the line profile and gives a simple, convenient parameter that may be related to the dynamics of the BLRs (Collin et al. 2006; Du et al. 2016) . The Eddington ratio L Bol /L Edd is an important parameter describing the SMBH accretion process, where L Bol and L Edd are the bolometric luminosity and the Eddington luminosity, respectively. It depends on the estimations of MBH (σ * ) and L Bol , where L Bol = k5100 × λL λ (5100Å), and k5100 = 9. The bolometric correction coefficient k5100 was suggested to have a dependence on the luminosity or the Eddington ratio (e.g. Marconi et al. 2004; Jin et al. 2012) . RFe (the ratio of optical Fe II and Hβ flux) has a correlation with Eigenvector 1 (EV1) from principal component analysis (PCA), which has been demonstrated to be driven by the Eddington ratio (Boroson & Green 1992; Sulentic et al. 2000; Shen & Ho 2014; Ge et al. 2016) . We can also use RFe to demonstrate the Eddington ratio.
Properties about our sample of 34 RM AGNs for calibration are presented in (16) is references for these data (i.g. Oliva et al. 1995; Collin et al. 2006; Wang et al. 2014; Bentz et al. 2014; Ho & Kim 2014; Woo et al. 2015; Du et al. 2015 Du et al. , 2016 Williams et al. 2018) . Col.(4)-Col.(11) are mainly from Ho & Kim (2014) , the remaining data come from Williams et al. (2018) marked with superscript a, Barth et al. (2015) marked with superscript b, table 1 in Du et al. (2016) marked with superscript c, table 7 in Du et al. (2015) marked with superscript d, table 1 in Collin et al. (2006) marked with superscript e, Bentz et al. (2014) marked with superscript f, Woo et al. (2015) marked with superscript g, Wang et al. (2014) marked with superscript h, and Oliva et al. (1995) marked with superscript i. For the high-z sample of 30 SDSS RM AGNs, we also present their z, σ * , four kinds of velocity of Hβ /Hα and the corresponding VP in Table 2 . There are 10 AGNs with both measurements of Hα and Hβ lags.
DATA ANALYSIS

Distributions of the factor f
To calibrate the virial factor f in Equation 2, we need other independent SMBH mass measurements for these RM AGNs. Using the MBH − σ * relation of quiescent galaxies (Kormendy & Ho 2013) , we derive the black hole masses for our sample, except NGC3227 and NGC 4151. For NGC 3227 and NGC 4151, their SMBHs masses were give through the stellar dynamic method (Davies et al. 2006; Onken et al. 2014) . For coefficients in the MBH − σ * relation shown in Equation 1, β = 4.38 ± 0.29, α = −0.51 ± 0.05 for ellipticals and classical bulges (Kormendy & Ho 2013) , and β = 4.38 ± 0.29, α = −1.09 ± 0.05 for pseudobulge (Ho & Kim 2014) . For pseudobulge with the same σ * , the σ * -based MBH is smaller and scaled by a factor of 10 [1.09−0.51] = 3.80 when using α = −1.09 instead of α = −0.51. With available σ * , we calculate SMBHs masses, and then calculate the virial factor f for individual source from Equation 2. There are four kinds of VP from four kinds of tracers of ∆V , i.e., VPF,mean , VPσ,mean , VPF,rms , VPσ,rms calculated from Hβ FWHMmean , σ Hβ,mean , FWHMrms , σ Hβ,rms , respectively. Therefore, there are four kinds of f as follows,
For pseudobulge with the same σ * , the factor f is smaller and scaled by a factor of 3.80 when using smaller α and same slope of β = 4.38 in the MBH − σ * relation, i.e., α = −0.51 (PB unscaled f ), and α = −1.09 (PB scaled f by a factor of 3.80) (Ho & Kim 2014) . The errors of virial coefficient log f can be calculated from the errors of VP and MBH , i.e., the errors of the ∆V , the Hβ lag and σ * as follows (only including the observational uncertainties),
where the error of log MBH is δ log MBH = 4.38 × δ log σ * . δ log MBH ∼ 0.19 dex for 10% percent uncertainty in σ * . 
In Table 3 , we present MBH and four kinds of f of low-z AGN RM sample for our calibration. For one source with multiple RM measurements, we calculate a mean value of log f to do the calibration. Considering a scaled factor of 3.80 for pseudobulges, we also give the values of f in the bracket in Table 3 .
In Fig. 1 , we show the distributions of four kinds of the factor f . The red line is the f distribution for our total sample excluding pseudobulges. The black line and the blue dash-line are the f distributions for our total sample adopting different MBH − σ * relation for pseudobulges with α = −0.51 (PB unscaled f ) and α = −1.09 (PB scaled f by a factor of 3.80), respectively. The mean value and the standard deviation of f are shown in each panel (see also Table  4 ). Each kind of f has a range of about two order of magnitude.
We separate the sample into Population 1 (Pop 1) and Population 2 (Pop 2) following the suggestion by Collin et al. (2006) . Population 1 is D Hβ (mean) < 2.35 and Population 2 is D Hβ (mean) ≥2.35, where D Hβ (mean) is measured from the mean spectrum. We also separate the sample into Population A (Pop A) and Population B (Pop B) (Sulentic et al. 2000) , Population A is FWHMmean < 4000 km s −1 and FWHMmean ≥ 4000 km s −1 . We calculate the average values of the factor f for these populations for all sources, and all sources excluding pseudobulges shown in Table 4 .
For different kinds of f , K-S tests are present in the last two lines in Table 4 between Pop 1 and Pop 2, and between Pop A and Pop B. For Pop A and Pop B with a divided value of FWHM(Hβ) = 4000 km s −1 , the null hypothesises in K-S test that the data sets of fF,mean are drawn from the same distribution prob(KS) is smaller than that of fσ,mean for total sample or sample excluding pseudobulges (Values of prob(KS) < 0.10 are highlighted in boldface in Table 4 ). It is same for f from the rms spectrum. About K-S test between Pop A and Pop B, for all AGNs with PB scaled by a factor of 3.80, prob(KS) is 0.08 for fF,mean and 0.09 for fF,rms. Their significances are only higher than 1σ, but weaker than 2σ. For all AGNs with PB unscaled by a factor of 3.80, prob(KS) becomes smaller, 0.03 for fF,mean and 0.01 for fF,rms. Their significances are higher than 2σ, but weaker than 3σ. For ellipticals and classical bulges, prob(KS) is 0.04 for fF,mean and 0.01 for fF,rms, which are higher than 2σ, but weaker than 3σ. Therefore, these differences between Pop A and Pop B exist but not significant. For all AGNs with PB unscaled by a factor of 3.80, prob(KS) is 0.10 for fσ,mean and 0.12 (about 1σ) for fσ,rms. These values for σ Hβ -based f are larger than that for the corresponding FWHM(Hβ) -based f . It implies that the FWHM-based f has a Figure 1 . The distributions of four kinds of the factor f , i.e., f F,mean , f F,rms , fσ,mean, fσ,rms from left to right and from top to bottom, respectively. The red line is the f distribution for our sample excluding pseudobulges. The black line and the blue dash-line are the f distributions for our total sample adopting different M BH − σ * relation for pseudobulges with α = −0.51 (PB unscaled f ) and α = −1.09 (PB scaled f by a factor of 3.80), respectively. The vertical dashed-line denote the mean value of f for these three kinds of distributions. The mean value and the standard deviation of f are shown in each panel.
relation with FWHM, while σ-based f dose not has a relation with FWHM. It is consistent with the result by Collin et al. (2006) .
Considering σ Hβ from the mean/rms spectra for ellipticals and classical bulges, the average value of the factor of σ Hβ -based f , log fσ,mean = 0.76 ± 0.34, and log fσ,rms = 0.78 ± 0.37. It is consistent with the results by others (e.g. Ho & Kim 2014) . Including pseudobulges and the same MBH − σ * relation like classical bulges, the average value of the factor f would be larger. Including pseudobulges and the MBH − σ * relation for pseudobulges suggested by Ho & Kim (2014) , the average value of the factor f would be smaller. Using FWHM(Hβ) as the ∆V tracer from the mean/rms spectra for ellipticals and classical bulges, the average value of FWHM(Hβ)-based f , log fF,mean = 0.08 ± 0.46, and log fF,rms = 0.17 ± 0.40. They are about 4-5 times smaller than that derived from σ Hβ . Including pseudobulges, they has the same trend like the case of σ Hβ -based f .
The relation of f with observational parameters
In Table 4 , we notice that FWHM-based f is indeed a bias quantity affected by Hβ FWHM or D Hβ but σ Hβ -based f is a less biased quantity, which is consistent with Collin et al. (2006) . To investigate the relations between the virial factor f and the observational parameters, we use the observational parameters of σ * , FWHMmean , σ Hβ,mean , D Hβ (mean), FWHMrms , σ Hβ,rms , D Hβ (rms), RFe , τ and λL λ (5100Å) . For pseudobulges, we use the same MBH − σ * relation like elliptical and classical bulges to calculate f , or a scaled MBH − σ * relation by Ho & Kim (2014) . We calculate the Spearman correlation coefficient Rs and probability of the null hypothesis p null between f and these observational parameters, which are presented in Table 5 . We highlight the correlations in boldface with the significant value (|Rs| > 0.5 or p null < 0.01) in Table 5 . If adopting different MBH − σ * relation for pseudobulges, the smaller intercept by a factor of 3.8 according to Ho & Kim (2014) , it would lead to a smaller f by a factor of 3.8 and the weakness of correlations with large correlation coefficients for total sample (Table 5 ). It was suggested that both active galaxies hosting pseudobulges and active galaxies with central bars may follow the same MBH − σ * relation of the elliptical/classical bulges Woo et al. 2015) . Therefore, we use the results from the total sample including pseudobulges with the same MBH − σ * relation like ellipticals and classical bulges.
From Table 5 , we can't find a significant correlation between f and σ * (Rs = 0.23, 0.09, 0.09, 0.05 for four kinds of f ). For σ * -based MBH , it suggests that there is no significant correlation between f and MBH , which is not consistent with the result by Williams et al. (2018) . We can't find a significant correlation between FWHM-based f (Rs = −0.03, −0.09) and λL λ (5100Å) or the Eddington ratio L Bol /L Edd (Rs = −0.13, −0.17), which are consistent with the results by Williams et al. (2018) . It is found that there are correlations between σ-based f and L Bol /L Edd . We also find that there are some significant relationships between f and the observational parameters. For fF,mean and fF,rms, they have significant correlations with FWHMmean , D Hβ (mean). However, for fσ,mean and fσ,rms, they have no significant correlation (except with σ Hβ,rms , L Bol /L Edd ) considering their large p null . Excluding pseudobulges, a smaller number of sources weaken these significant correlations (see Table 5 ). In Table 5 , fσ,rms has no significant relation with FWHMmean , D Hβ (mean), σ Hβ,mean , RFe , and Rs = −0.26, −0.12, −0.27, 0.35, respectively. Woo et al. (2010) also used a smaller sample to investigate the MBH scatter relation with the Eddington ratio and line-shape measurements from the mean spectrum, which is similar to the relations of fσ,rms with FWHMmean , D Hβ (mean), σ Hβ,mean , RFe . They can not find significant correlations, which is consistent with our results.
The left panel of Fig. 2 shows fF,mean versus FWHMmean , where the same MBH − σ * relation like ellipticals and classical bulges is adopted for pseudobulges, i.e., unscaled f for pseudobulges. We find that, for all source in our sample, fF,mean has a strong correlation with FWHMmean , Rs = −0.60, p null = 1.7 × 10 −3 . We use the bivariate correlated errors and scatter method (BCES; Akritas & Bershady 1996) to perform this linear regression. The BCES (Y|X) best-fitting relation for our total sample between fF,mean and FWHMmean is, log fF,mean = −(1.11 ± 0.27) log FWHMmean 2000 km s
The relation is plotted as solid line in the left panel of Fig. 2, i.e., fF,mean ∝ FWHM −1.11±0.27 mean . The dash line present 1σ scatter range. In Fig. 2 , it is found that AGNs with pseudobulges follow this relation. Excluding pseudobulge (gray triangles), i.e., only for ellipticals (black circles) and classical bulges (red squares), Rs = −0.50, p null = 0.041. The weaker correlation is due to smaller number of AGNs excluding pseudobulges, and the BCES (Y|X) best-fitting relation is log fF,mean = −(0.80 ± 0.45) log FWHMmean 2000 km s −1 + (0.36 ± 0.19) (red lines in Fig. 2 ). Adopting scaled f for pseudobulges, the correlation becomes weaker for total sample (see Table 5 ). It is also consistent that the BLRs kinematics is independent to the morphology of galaxies, such as relative small bulges or bars. Considering that pseudobulges follow the fF,mean − FWHMmean relation for classical bulges and ellipticals (see Fig. 2 ), we use Equation 6 as the f calibration from the total sample with f unscaled pseudobulges. We also use the BCES (Y|X) to find the relations between fF,mean and D Hβ (mean), FWHMrms as follows, 
For each object, using the best-fitting relation between fF,mean and FWHMmean (Equation 6), we can calculate the expected factor fF,mean from the observational parameter of FWHMmean , and then calculate the calibrated MBH from Equation 2. We select some strong correlations in Table 5 to rms . The index of 0.89, or 0.71 is deviated from usually assumed value of 2. It is consistent with the result by Park et al. (2012) , although their index is 1.73. They suggested a FWHM or σ line dependent virial factor f to correct for the systematic difference of the geometry and kinematics of the gas contributing to the singleepoch line profile and that contributing to the rms spectra. Recently, based on accretion disk model to fit SED, it was suggested that f has a relation with FWHM(Hβ ) and the slope is −1.17, which is almost the same as ours (Mejia-Restrepo et al. 2018) . For NGC 5548, we also find a medium-strong correlation between fF,mean and FWHMmean with Rs = −0.56, p null = 0.02 (Lu et al. 2016) . The BCES (Y|X) best-fitting gives fF,mean = (FWHMmean/2000 kms −1 ) −0.97±0.42 +(0.88±0.21). Although it is consistent with that for all RM AGNs, the result of NGC 5548 means that the variation of an individual object could contribute some scatter to the relation between fF,mean and FWHMmean . These results imply the effect of inclination in BLRs geometry (e.g. Shen & Ho 2014) .
For narrow line Seyfert 1 galaxies (NLS1s), smaller FWHM(Hβ) < 2000 km s −1 would lead to a larger fF,mean than the usual adopted value of ∼ 1 (Equation 6). Adopting FWHMmean < 2000 km s −1 in our sample of 34 RM AGNs, there are 9 NLS1s (Fig. 2) . 7 out of 9 NLS1s are pseudobulges with fF,mean ∼ 3 − 20. It was found that NLS1s have smaller RBLR expected than that from the empirical RBLR − L relation (Du et al. 2018) . It is needed to consider the influence of these two contributions on MBH calculation in NLS1s. On the other hand, for AGNs with very broad double-peaked Hβ , their large FWHMmean would lead to a smaller fF,mean. We also notice that there are two AGNs with FWHMmean > 10000 km s −1 with the usual adopted value of f ∼ 1. Considering a smaller number of these special AGNs, a large sample of RM AGNs of double-peaked AGNs and NLS1s is needed for further investigation (Bian et al. 2007 (Bian et al. , 2008 Wang et al. 2013 ).
DISCUSSION
4.1 Cumulative fraction of f and the structure of BLRs Fig. 5 shows the cumulative fraction of values of four kind of f (top left: fF,mean; top right fF,rms; bottom left: fσ,mean, bottom right: fσ,rms). The black line is for the total sample. The red line is for classical bulge and elliptical. The bootstrap method is used to obtain the confidence regions (90%) of the red line, which is shown as the pink area. The dash line is for pseudobulge. The gray dash line is for pseudobulge scaled with a factor of 3.8 suggested by Ho & Kim (2014) . The cumulative fraction of f could be tested by BLRs models (Collin et al. 2006) .
Assuming that BLRs are made of two dynamically distinct component, i.e., a disk and a wind, the observational velocity v obs could be expressed as (Collin et al. 2006) ,
where Vout is the outflow velocity, assumed to be normal to the disk, and k1, k2 are the contributions of the thick disk and of the wind, respectively, a is the ratio of the scale height of the thick disk to the radius R, or the ratio of the turbulent velocity to the local Keplerian velocity VKep at the radius R, θ is the inclination of the thick-disk of BLRs to the line of sight. For a simple model of thick-disk BLRs, we neglect the contribution of outflow in Hβ profile, and v obs = (a 2 + sin 2 θ) 1/2 VKep. Considering the effect of inclination θ in this model of thick-disk BLRs, the f is,
According to the unified scheme (Antonucci & Miller 1985) , type I AGNs can be observed for a inclination less than θ0. We adopt θ0 = 45 o , a = 0.1 or 0.3 (Collin et al. 2006 ). θ can be calculated , compared to the theoretical distributions (blue dot dash lines) for two thick-disk models of a=0.1 and a=0.3. The offset factor is the value by which the theoretical value has been divided to aid in comparison of the two distributions. The black line is for the total sample. The red line is for classical bulge and elliptical. The dash line is for pseudobulge. The gray dash line is for pseudobulge scaled with a factor of 3.8 (Ho & Kim 2014) . The bootstrap method is used to obtain the confidence regions (90%) of the red line for classical bulges and ellipticals, which is shown as the pink area.
for a value of f disk . The probability of seeing an object at an inclination angle θ per unit angle interval is sinθ/(1 − cosθ0). And the theoretical cumulative fraction of f disk (i.e. at an inclination angle θ) can be calculated from the integral of solid angle from this θ to θ = 0 o . The theoretical lines of the cumulative fraction from the thick-disk BLRs are shown as blue dot-dashed lines in Fig. 5. Considering the difference between v obs and ∆V in Equation 2, there is an "offset factor" (shown in these figures) by which the theoretical f disk has been divided to aid in comparison of the theoretical distribution of f disk and the observed distribution f obs (Collin et al. 2006) . The best fit is reached by minimizing χ 2 , where 1σ error from bootstrap method is adopted. The values of the "offset factor" in the fitting are shown in Fig. 5 . Adopting FWHM(Hβ ) as the tracer of v obs (top two panels in Fig.  5 ), for our subsample of 17 classical bulges and ellipticals, it is found that the cumulative fractions of fF,mean and fF,rms are consistent with the theoretical line (a = 0.1) for large values of f , χ 2 = 0.353, 0.261. For a = 0.3, χ 2 = 4.16, 3.10, which imply that larger turbulence velocity is not required to model the fraction distributions of fF,mean or fF,rms. For f unscaled or scaled pseudobulge, this model of thick-disk BLRs has a larger fraction difference (χ 2 = 2.64 or 0.85 for fF,mean and χ 2 = 2.56 or 2.06 for fF,rms). Using σ Hβ to trace v obs for our subsample of 17 classical bulges and ellipticals (bottom two panels in Fig. 5 ), the theoretical line (a = 0.1) has a larger fraction difference (χ 2 = 0.798, 1.21). These results imply that FWHM(Hβ) has some dependence on the inclination, while σ Hβ is insensitive to the inclination. It is consistent with the result by Collin et al. (2006) . For pseudobulge, FWHM(Hβ) or σ Hβ seems insensitive to the inclination.
Comparison of f with the BLRs dynamical model
The cross-correlation and RBLR − L relation yield the BLRs size, but they do not provide information about the gas structure or dynamics, which is needed to determine f for an individual AGN. Recent efforts have aimed to measure f by modelling the structure and dynamics of the BLR directly. Using BLRs dynamical models to fit simultaneously the variations in the Hβ flux and the detailed shape of the Hβ profile, the f Model F,mean has been derived for 17 RM AGNs . Pan et al. (2018) measured the MBH of RM AGN 1H 0323+342 through the X-ray variability. used VLTI to resolve the emission region of Paα and measured the MBH in 3C 273. It suggested that log fF,mean = −0.09 ± 0.23. In Table 6 , the f Table 6 ). 
The MBH − σ * relation for High-z AGNs
Like the method to calculate the MBH scatter based on the calibration of f from the line width, i.e., the best-fitting relation between fF,mean and FWHMmean (Equation 6), we can calculate MBH for a high-z sample of 30 AGNs (z ∼ 0.1 − 1.0) from SDSS RM Project (Grier et al. 2017b ). In Fig. 7 , MBH scatter is 0.66 dex. These scatters in MBH are smaller than that assuming a constant f = 1.5 suggested by Ho & Kim (2014) , which is about 0.75 dex. For SDSS RM AGNs with σ * lower than 100km s −1 , they deviate the MBH −σ * relation and locate above the MBH −σ * relation. For AGNs with σ * larger than 100 km s −1 , they follow MBH − σ * relation by Kormendy & Ho (2013) , but with a MBH scatter of 0.49 dex. It is smaller than the scatter of 0.64 dex assuming a constant f = 1.5 suggested by Ho & Kim (2014) . For the total sample of high-z SDSS RM AGNs, the relation between MBH and σ * is flatter than that by Kormendy & Ho (2013) . It is possibly due to their un-coevolution between the SMBH and the bulge, or the large systematic uncertainties in MBH and σ * . A larger sample with better measurements of MBH and σ * is needed in the future. versus σ * for 30 SDSS RM AGNs, the dash line is the M BH − σ * relation for quiescent galaxies (Kormendy & Ho 2013) . The four green stars denote AGNs with Hα lags. The vertical dot line is σ * =100 km s −1 .
CONCLUSIONS
Using a sample of 34 RM AGNs with measured bulge stellar velocity dispersions σ * , we calculate the virial coefficient f based on the MBH − σ * relation for quiescent galaxies suggested by Kormendy & Ho (2013) . For our sample of these 34 RM AGNs, there are 8 classified as ellipticals, 9 classified as classical bulges, 17 classified as pseudobulges. The main conclusions can be summarized as follows:
• Considering four tracers of the velocity of the BLRs clouds, i.e., FWHM(Hβ) or σ Hβ from the mean or rms spectrum, there are four kinds of the factor f . Each kind of f has a range of about two order of magnitude. For K-S test between Pop A and Pop B, prob(KS) for FWHM(Hβ)-based f is smaller than for the corresponding σ Hβ -based f . For σ Hβ -based f , the difference between Pop A and Pop B is smaller than for FWHM(Hβ)-based f .
• Significant correlations are found between FWHM-based f and some observational parameters, e.g, FWHM(Hβ), σ Hβ , D Hβ . However, for σ Hβ -based f , these relations disappear or become weaker. For our sample, fF,mean ∝ FWHM −1.11±0.27 mean . For a single object NGC 5548, a similar strong correlation between fF,mean and FWHMmean is also found. These strong correlations suggest a dependence of f on FWHM or σ line and imply the effect of inclination of BLRs to our line of sight. These strong correlations can be used to calibrate the factor f . When using the FWHM from the single-epoch spectrum to calculate the MBH , the variable FWHMbased f should be considered, especially for NLS1s and doublepeaked AGNs.
• Using a simple model of thick-disk BLRs, we calculate the theoretical cumulative fraction of f and compare with the distributions of four kinds of f . It is found that the cumulative fractions of fF,mean and fF,rms are consistent with the theoretical line (a = 0.1) only for the classical bulge and ellipticals, where FWHM is used as the tracer of v obs . This results imply that, as the tracer of BLRs velocity, FWHM(Hβ ) has some dependence on the BLRs inclination, while line σ Hβ is insensitive to the inclination. For pseudobulges, FWHM(Hβ ) or line σ Hβ seems insensitive to the inclination. For a sample of 19 RM AGNs, BLRs dynamical model and other independent methods gave their factor f in the SMBH mass calculation. We find that 12 out of these 19 AGNs follow our calibrated correlation between f and FWHMmean.
• Based on the FWHM(Hβ)-based f from the mean spectrum, the MBH scatter is 0.39 dex. For a high redshift sample of 30 SDSS RM AGNs with measured σ * , we find that the MBH scatter is larger than that for our sample of 34 low redshift RM AGNs. It implies the possibility of evolution of the MBH − σ * relation for high-z AGNs. Table 6 and  Table 7 . e. The superscript e indicates the data comes from Collin et al. (2006) Oliva et al. (1995) . References: (1) Ho & Kim (2014) , (2) Du et al. (2016) , (3) Williams et al. (2018) , (4) Barth et al. (2015) , (5) Du et al. (2015) , (6) Collin et al. (2006) , (7) Bentz et al. (2014), (8) Woo et al. (2015) , (9) 
